SUMMARY: Data collected south-west of the Balearic Islands (Western Mediterranean) on two cruises, Quimera-I (October, 1996) and Quimera-II (May, 1998), were used to establish general ecological patterns in deep-sea fish assemblages. A total of 39 trawls were taken at depths between 400 and 1714 m. Fish assemblages were analysed in terms of species composition, ecological parameters and biomass spectra. Differences in species composition between cruises and depth (Upper slope: 400-800 m, Middle slope: 801-1400 m and Lower slope: 1401-1714 m depth) were evaluated using multivariariate analysis. The most important feature was the existence of a biomass peak at intermediate depths. Moreover, the analysis of the biomass spectra indicated the absence of large individuals at the shallower depth interval considered. To determine the causes of the biomass peak on the middle slope four hypothesis were explored: (1) species richness is higher on the middle slope; (2) the fish assemblage from the middle slope can be characterised by the highest abundance (number of fish/area); (3) species found on the middle slope are larger (the species assemblage is built up by larger species); and (4) there is a trend for the specimens of several species to be larger at the middle slope. The data gathered support that the biomass peak is better explained by the existence of abundance peaks of medium and large-sized species, and by the presence of some of the largest individuals of other large-sized species, in both cases related to specific depth size trends which do not always follow a bigger-deeper trend.
INTRODUCTION
Depth-related zonation of dominant megafaunal groups has been described for many deep-sea areas (Haedrich et al., 1980; Merrett and Marshall, 1981; Koslow, 1993) , including the Mediterranean Sea (Cartes and Sardà, 1993; Stefanescu et al., 1993; Moranta et al., 1998) . The depth gradient has been repeatedly reported as the main factor affecting species distribution in demersal fish communities (e.g. Haedrich and Krefft, 1978; Snelgrove and Haedrich, 1985; Koslow, 1993; Gordon et al., 1995) . The species-specific depth distributions show highly distinctive patterns, varying from species found over a wide range to those restricted to a narrow band. Although closely related megafaunal species overlap considerably along the bathymetric gradient, each species appears to show different depth optima (Hecker, 1990) .
Concerning fishes, general depth-related patterns for the species richness, abundance and biomass have been reported. Species richness decreases progressively from the upper slope down to about 2000 m depth (Haedrich et al., 1980; Pearcy et al., 1982; Gordon and Duncan, 1985) . In the case of abundance, an exponential decrease with depth has been described by several authors (Grassle et al., 1975; Cohen and Pawson, 1977; Merrett and Domanski, 1985; Gordon, 1986; Merrett et al., 1991) , although a stable tendency below a depth of 500 m seems to occur in the Mediterranean (Stefanescu et al., 1993; Moranta et al., 1998) . The most important feature for fish biomass is the existence of a peak at intermediate depths of 800 and 1500 m depending on the areas surveyed (Marshall and Merrett, 1977; Gordon and Duncan, 1985; Gordon, 1986) . In the western Mediterranean this biomass peak has been found between 800 and 1400 m depth (Stefanescu et al., 1993 (Stefanescu et al., , 1994 Moranta et al., 1998) .
The analysis of biological systems from the standpoint of size distributions and biomass spectra is obviously of great ecological relevance (Macpherson and Gordoa, 1996 ; and references cited therein). Body mass is a fundamental attribute of any animal and has an additional interest because most biological processes are scaled to the size of the organism (Peters, 1983) . The analysis of size distributions in deep-sea fish studies focuses mainly on size depth relationships both for individual species and for the whole fauna (Haedrich and Rowe, 1977; Polloni et al., 1979; Merrett and Marshall, 1981; Sulak, 1982; Pearcy et al., 1982; Carney et al., 1983; Mauchline and Gordon, 1984; Middleton and Musick, 1986; Gordon and Duncan, 1987; Macpherson and Duarte, 1991; Merrett et al., 1991; Stefanescu et al., 1992) . The causes pointed out by these authors to explain changes of size with depth are related mainly to food availability, interor intra-specific competition and predation.
During the last two decades, some evidence has shown that biomass spectra are good descriptors of the fish assemblage structure (Haedrich and Merrett, 1992; Macpherson and Gordoa, 1996) . Moreover, biomass spectra are a useful tool for examining dynamics processes at the community level and have been used in predicting the changes of deepwater fish assemblages following increasing fishing pressures (Merrett and Haedrich, 1997) .
This paper has two main objectives: i) to analyse the bathymetric variations in community traits and body size spectra related to within-fauna patterns; and ii) to determine the causes of the previously described biomass peak on the middle slope (800-1400 m). With respect to this last objective, four possible alternatives were explored: (1) species richness is higher on the middle slope; (2) the fish assemblage from the middle slope is characterised by the highest abundance (number of fish/area); (3) species found on the middle slope are larger (the species assemblage is built up by larger species); and (4) there is a trend for the specimens of several species to be larger on the middle slope.
MATERIAL AND METHODS

Sampling procedures
The data examined in the present paper were collected south-west of the Balearic Islands (Western Mediterranean), between 38 º 05'N and 38 º 48'N, on two cruises, Quimera-I (October 1996) and Quimera-II (May 1998). The two cruises were carried out on board the R/V García del Cid (38 m in length, 1500 HP), and the sampling gear used was an OTMS-27.5 type bottom trawl, towed in a single warp (Sardà et al., 1998) .
A total of 39 trawls were taken between depths of 400 and 1714 m (Table 1 , 27 in Quimera-I and 12 in Quimera-II). The effective trawling time ranged from 30 to 60 min and towing speed was 2.7 knots for all trawls. The arrival and departure of the net to the bottom in addition to the horizontal and vertical openings (14 m and 1.8 to 2 m respectively) were measured using the SCANMAR system. The cod end mesh size was 12 mm. For each haul individual fish were counted, the total weight of the catch was calculated as the sum of fresh weights of each species, and all demersal fish collected were measured. Abundance and biomass were standardised to a common sampled area of 10000 m 2 from the exact area swept by the trawl calculated from the SCAN-MAR system.
Multivariate analysis of assemblage structure
In order to determine whether any pair of samples had been taken at sites too closely located to each other (and therefore could not be considered independent), we built up a semivariogram (Legendre and Legendre, 1998) with the sample values on the second axis from detrended canonical correspondence analyses (DCCA), using depth as an explanatory variable. This preliminary semivariogram showed that distances between some pairs of samples were too small (Fig. 1a) . Consequently, only one of the two samples from these pairs was considered. This reduced data set was free of spatial autocorrelation and was used for all multivariate testing procedures (Fig. 1b ). Pelagic and rare species (species appearing less than three times) were excluded from the analysis (Table 2) .
Between-cruise differences of demersal species composition, both in standardised abundance and biomass, were tested using partial detrended canonical correspondence analyses, pDCCA (ter Braak and Smilauer, 1998) .
To analyse the spatial variations related to depth, the data were grouped into three depth intervals: upper slope 400-800 m, middle slope 801-1400 m BODY FISH SIZE TENDENCIES IN THE DEEP MEDITERRANEAN SEA 143 and lower slope 1401-1714 m. These depth strata correspond to the different fish assemblages identified previously in the same study area (Moranta et al., 1998) . The PRIMER package was used to analyse the standardised abundance and biomass matrices of species by samples (Clarke and Green, 1988) . Analysis of similitude (ANOSIM) and similarity percentage analysis (SIMPER) were also applied to detect between-cruise or bathymetric differences. The ANOSIM test is based on a simple non-parametric permutation procedure (999 permutations), applied to the rank similarity matrix, and is combined with a general randomisation approach to the generation of significance levels (Monte Carlo tests; Hope, 1968) . The SIMPER test is a statistical breakdown of Bray-Curtis dissimilarity into contributions for each species in each of the groups compared.
Ecological parameters
Species richness (number of species), abundance (number of individuals), biomass (g) and Shannon diversity index were determined for each haul. Only pelagic species were excluded from the computation of these assemblage descriptors (Table 2) . Between cruises (Quimera-I vs. Quimera-II) and between assemblages (upper, middle and lower slope as pre-
-Semivariograms (plots of the faunistic variability of the hauls placed within predefined lags of geographic distance). In order to focus the effects of geographic distance only, the second axis from a DCCA (depth being the explanatory variable) was considered as the estimator of faunistic similarity. Panel A shows the semivariogram of all possible pairs of hauls taken on the Quimera-I cruise, and demonstrates that hauls placed very close to each other tend to be very similar, suggesting the existence of spatial autocorrelation (left part of the semivariogram). Panel B shows the semivariogram corresponding to a reduced data set (one of the two hauls taken at the same depth stratum was removed; Table 1 ), and suggests that the problem of spatial autocorrelation was largely ameliorated. Note that the vertical scales are different. established groups) differences for these ecological parameters were tested using two-factor analysis of variance (ANOVA). Sample size (area swept) was not the same in each haul (Table 1 ; mean = 4.2 ha; sd = 1.3; range: 2.8 to 8.1). However, as shown by a multivariate regression analysis on depth and sample size, neither the species richness nor the diversity were affected by this last factor. Thus, the partial effect of sample size was non-significant (P = 0.43 for species richness, and P = 0.24 for species diversity), so no correction for sample size was applied.
Size spectra and mean body size
The individual weights of each specimen were calculated from specific length-weight relationships obtained from the authors' own unpublished data or from bibliographic sources (e.g. Merella et al., 1997; Morey et al., 2003) .
To calculate the mean species biomass of each assemblage, species were assigned into one of the three pre-established assemblages (upper, middle or lower slope), according to its optimum depth, estimated from the centre of gravity. This information was already known in the study area (see Moranta et al., (1998) and Table 3 ). Finally, differences between assemblages in mean body mass were assessed by a one-factor (depth) analysis of variance (ANOVA).
Biomass spectra were calculated for each of the pre-established fish assemblages. Fish bigger than 1 g were assigned to log 2 body-mass class, and cumulative biomass in each body-mass class was calculated. Normalised biomass size spectra were computed dividing the biomass in a given body mass class interval by the width of that class interval (in antilog dimensions). Between-assemblage differences in biomass spectra were tested using repeated ANOVA measures. Each individual haul was considered as an observation, and the repeated measures were the normalised biomass corresponding to each of the log 2 categories. The normalised data were ln(x+1) transformed to adjust residuals to normality.
Mean body mass per haul was plotted over a depth axis to display related trends with this variable (depth). Furthermore, mean maximum body mass per haul was also calculated averaging the maximum body mass of each species in each haul. The relationships between depth and both abundance and mean log 2 body mass at species level were fitted to a generalised linear model (covering Gaussian and logistic models) and to a linear model respectively.
RESULTS
Between-cruises comparisons
The specific composition of each cruise is shown in Table 4 . Six species (Galeus melastomus, Alepocephalus rostratus, Nezumia aequalis, Bathypterois mediterraneus, Phycis blennoides and Mora moro) represented more than 70 and 85% of the total abundance and biomass in both cruises respectively. Three species (Symphurus nigrescens, Epigonus denticulatus and Lepidopus caudatus) had a major contribution in the Quimera-I cruise and another three species (Epigonus telescopus, Helicolenus dactylopterus and Trachyrincus scabrus) were more important in the Quimera-II cruise.
The partial (detrended) correspondence canonical analysis conducted on the reduced data set showed that between-cruise differences were nonsignificant considering either the number of individuals (Trace = 0.06; F-ratio = 1.03; P = 0.37) or the BODY FISH SIZE TENDENCIES IN THE DEEP MEDITERRANEAN SEA 145 TABLE 3. -Classification of the main demersal species captured on both cruises related to their preferred optimum depth (expressed as a centre of gravity) from Moranta et al. (1998) . Only those species with the centre of gravity within the depth range surveyed were considered. biomass (Trace = 0.04; F-ratio = 0.66; P = 0.83). Note that tested differences should only be attributed to between-cruises because the samples had been statistically adjusted in order to avoid the depth effect.
The analysis of similarity (ANOSIM) also showed non-significant between-cruise differences (Table 5) . Similarly, no significant differences were obtained for the ecological parameters (number of species F 1,33 = 1.97, P > 0.05; individuals F 1,33 = 3.15, P > 0.05; biomass F 1,33 = 0.66, P > 0.05 and diversity F 1,33 = 1.10, P > 0.05). Only in the case of the number of species a significant interaction between cruise and depth was obtained (F 1,33 = 4.35, P < 0.05).
Assuming that there are no between-cruise differences, the data from the two cruises were pooled for subsequent analysis.
Bathymetric variations in assemblage structure
The analysis of similarity (ANOSIM) confirmed significant differences between assemblages related to depth (Table 5 ). These assemblages appeared to be very well defined since the dissimilarity between them was very high (Table 6 ).
The mean values of the ecological parameters of each assemblage are represented in Figure 2 . Species richness decreased with depth. The highest value (an average of 13.3 species) was found on the upper slope, followed by the middle (10.8 species) and the lower slope (8.6 species). There was a significant difference between assemblages (F 2,33 = 6.37; P < 0.01), and post-hoc tests showed significant differences in all pair-wise combinations (P < 0.05). Non-significant differences were detected in the case of abundance (F 2,33 = 1.71; P = 0.20), average values ranging between 38.09 and 26.05 individuals for the upper and lower slope respectively. For the biomass, the middle slope had a higher value (6.97 kg) than either the upper (1.33 kg) or the lower slope (2.77 kg) (F 2,33 = 18.29; P < 0.001). Moreover, clear differences between them were detected in post-hoc pair-wise comparisons (P < 0.001). Diversity followed a similar pattern to species richness (F 2,33 = 6.36; P < 0.01), but a non-significant difference (P = 0.45) was found in a post-hoc comparison between the upper slope and the middle slope (1.78 vs. 1.71).
The contribution of each size class to the total biomass showed significant differences between the three assemblages (F 18,287 = 17.398; P < 0.001; Fig. 3 Moranta et al. (1998). class. Small classes also predominated in the deepest assemblage with 66% of the biomass concentrated below 2 4 (16 g) size class. In this assemblage a second mode was detected at 2 7 (128 g). The biomass of the middle slope was divided into two groups, below 2 5 (32 g) and greater than this size class, with 41 and 59% of the total biomass respectively.
Depth related trends in body mass
The mean species biomass of each assemblage, according to their optimum depth, did not show significant differences (F 2, 22 = 1.16; P = 0.33; Fig. 4) . In contrast, the distribution of mean body mass per haul exhibited a broad peak between 800 and 1322 m (Fig.  5a ), coincident with the biomass peak described for the ecological parameters, while in the mean maximum body mass this peak was not so marked, with an increase from 400 to 1000 m depth and two different groups of size below this depth (Fig. 5b) . To arrange single species into one of the three depth intervals the optimum depth preferred for each species was fitted considering the centre of gravity, previously reported by Moranta et al. (1998) (see Table 3 and text for more details).
FIG. 5. -Trends in the mean body mass and mean maximum body mass of demersal species in the community sampled between 400 and 1714 m depth. The data from the two cruises (Quimera-I, October 1996 and Quimera-II, May 1998) are pooled, implicitly assuming that there are no between-cruise differences (see text for more details).
The depth distribution of abundance for single species was well-fitted to a unimodal or linear function for all species except for Cataetyx alleni (Table  7) (Fig.  6a) . In contrast, the linear relationship of log 2 body mass of single species with depth indicated that only 13 out of 23 species analysed increased significantly with depth, 2 species revealed a significant TABLE 7. -Results for the relationship between log 2 body mass (linear regression) and abundance (unimodal or linear responses) and depth of the main demersal species captured between 400 and 1714 m depth on the two cruises, Quimera-I and Quimera-II. The 23 species listed below accounted for more than 80 and 90% of the total abundance and biomass respectively. Response type (Rt) indicates the most parsimonious model selected by the AIC criterion (unimodal, linear or non-significant, n.s.). In the case of abundance, the model parameters were obtained by maximising likelihood. Opt/R indicates the optimum depth (Opt) in metres, in the cases of unimodal responses ( a ) or the regression coefficient in the case of linear responses ( b ). n, number of hauls; R, regression coefficient; P, significance. decrease in size, and 8 species did not show any specific trend (Table 7 , Fig. 6b ).
DISCUSSION
The existence of a remarkable biomass peak at the middle slope is one of the most relevant characteristics of the deep-sea fish assemblages. This distinctive feature has been noticed by several authors (Marshall and Merrett, 1977; Gordon and Duncan, 1985; Gordon, 1986; Stefanescu et al., 1993; Moranta et al., 1998) and has been attributed to a sharp reduction of trophic resources at increasing depth and to different bathymetric trends in fish size (Macpherson and Duarte, 1991; Stefanescu et al., 1992 Stefanescu et al., , 1993 Merrett and Headrich, 1997; Moranta et al., 1998) . Our study further confirms the existence of such a biomass peak in the middle slope of the western Mediterranean Sea.
In addition, the results obtained here help to understand the underlying proximate reasons for this biomass peak at intermediate depths. From the four possible alternatives mentioned in the introduction, we ruled out (i) the 'species richness hypothesis', because this parameter decreased along the whole bathymetric range surveyed (Fig. 2a); (ii) the 'abundance hypothesis', because non-significant differences regarding this parameter were found between the three depth-related fish assemblages (Fig. 2b) ; and (iii) the hypothesis that the assemblage from the middle slope is built up by larger species, because no bathymetric variation in the mean species biomass could be found (Fig. 4) . Therefore, the most plausible explanation must rely on the species-specific bathymetric responses of some species, leading to the predominance of larger individuals at intermediate depths (hypothesis 4). For instance, middle and large-sized species such as Nezumia aequalis, Mora moro and Alepocephalus rostratus, three of the most characteristic deep-sea fishes in terms of both abundance and biomass, attain their highest abundance at depths of 800-1400 m. Moreover, it is also at this depth interval that the largest individuals of several large-sized species dominating on the upper and lower slopes (e.g. Phycis blennoides, Galeus melastomus, Etmopterus spinax and Centroscymnus coelolepis) are to be found.
Regarding the species-specific size-depth relationships of deep-sea fishes, there has been some controversy in the last decade about the existence of a general bigger-deeper phenomenon. Macpherson and Duarte (1991) supported the generality of the bigger-deeper phenomenon at the species level, even though the bathymetric range examined by these authors was limited to the first 750 m of the slope. In contrast, the study by Stefanescu et al. (1992) carried out for the 1000-2250 m depth interval indicated that the bigger-deeper phenomenon was not a well-established tendency in deep-sea fish assemblages. The disagreement in the results obtained by these authors could stem partly from the different bathymetric ranges they surveyed. However, our own results, showing different bathymetric trends in size at the species level (Fig. 6b) when a wide bathymetric range is considered seem to validate the conclusion reached by Stefanescu et al. (1992) . Thus, although the bigger-deeper phenomenon is undoubtedly an important feature of many of the species analysed so far (e.g. Haedrich and Polloni, 1976; Wenner and Musick, 1977; Gordon and Duncan, 1985; Snelgrove and Haedrich, 1985; Macpherson and Duarte, 1991; Stefanescu et al., 1992) , it cannot be considered as a general rule for the demersal deep-sea fishes (Gordon, 1979; Crabtree et al., 1985; Stefanescu et al., 1992) . Although the same debate has focused on other faunal groups such as nematodes, echinoderms, ophiuroids and decapods, there is now compelling evidence of the lack of any general trend (Rex and Etter, 1998 ; and references cited therein). Stefanescu et al. (1992) also postulated the existence of a smaller-deeper trend in the Mediterranean deep sea for the whole demersal fish fauna (the so called 'within-fauna pattern'). This pattern resulted from the replacement of the dominant medium to large-sized species on the middle slope by small ones on the lower slope, probably as a consequence of the lower trophic availability at increasing depths. In our study, in which the entire middle slope and most of the upper and lower slopes were sampled, the within-fauna pattern for the mean body size consisted of two opposite trends: (i) an increase in size with depth in the first 1000 m; and (ii) a decrease below this depth (Fig. 5a ). The former was also paralleled by an increase in the mean maximum body mass. In contrast, even though the mean body size diminished below 1000 m, small and large-sized specimens still coexisted at increasing depths (Fig.  5b) . Our results thus indicate that the smaller-deeper trend for the whole fauna is not a well-established phenomenon, even in the case in which only the middle and lower slopes were considered. Interestingly, Cartes et al. (2001) reported, for the same study area, and between 800 and 1300 m depth, the existence of a biomass peak in the suprabenthos, the principal component of the Benthic Boundary Layer (Cartes, 1998a) . As shown in several studies, the suprabenthos is a fundamental part of the diet of deep-water fishes (Macpherson, 1981; Carrassón, 1994) . Thus, the minor availability of trophic resources above and below this depth interval may ultimately determine the lower biomass characterising the upper and lower slope fish assemblages (see also Stefanescu et al., 1993) . On the other hand, the biomass of another major group of predators, namely the decapod crustaceans, which also prey on the suprabenthos (Cartes, 1994; 1998b) peaks between 400-700 m (Maynou and Cartes, 2000) , and Cartes et al. (2001) have suggested that this may originate a phenomenon of competitive exclusion in favour of the latter group of megafaunal predators at this depth interval due to the exploitation of similar resources.
The general low levels of biomass of fish assemblages occurring on the lower slope can be explained in terms of the scarcity of trophic resources at the greatest depths. In addition, this factor may have imposed a strong selection pressure for a diversification in the trophic strategies of the fish species inhabiting the lower slope, which may explain the already mentioned coexistence of small and large-sized species (e.g. Bathypterois mediterraneus, Lepidion lepidion, Alepocepahlus rostratus and Centroscymnus coelolepis; Carrassón et al., 1992; Carrassón et al., 1997, Carrassón and Matallanas, 1998) .
The existence of a major proportion of larger specimens of larger species on the middle slope is confirmed when the normalised biomass spectra (NBS) are analysed (Fig. 3) . Thus, the NBS found in this assemblage is composed of a large fraction of individuals of large size classes. The fraction of the biomass along large size classes is also represented in the lower assemblage, but in a lesser percentage. In contrast, the absence of larger specimens is the main feature of the upper slope. The Balearic Islands are characterised by an important trawl fishing activity all around the upper slope (Merella et al., 1998; Carbonell et al., 1999; García-Rodríguez and Esteban, 1999; Moranta et al., 2000) . The principal effects of fishing on the size and species composition of multi-species communities are well known (Jennings et al., 2001) . Thus, as fishing mortality rises, the mean size of individuals in the community falls, and species with larger body sizes form a smaller proportion of community biomass (Jennings and Kaiser, 1998; Gislason and Sinclair, 2000) . These effects seem to be apparent in our study area, because, as shown above, the main difference between the upper (400-800 m depth) and the other two assemblages (800-1400 and 1400-1800 m depth) analysed is the small proportion of large specimens in the community at shallower depths. Therefore, under natural conditions, higher biomass values, with larger species and specimens, may occur at this depth interval, so the biomass peak would be displaced towards an upper bathymetric level.
